ii 











Institutional Archive of the Naval Postgraduate School 


Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations l. Thesis and Dissertation Collection, all items 


1966 


Application of parameter plane techniques in 
oscillator circuits. 


Zorbas, George V. 


http://hdl.handle.net/10945/9442 


Downloaded from NPS Archive: Calhoun 


| Calhoun is the Naval Postgraduate School's public access digital repository for 
D U DLEY research materials and institutional publications created by the NPS community. 
22 Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 
KNOX appointed — and published — scholarly author. 





LIBRARY Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 


http://www.nps.edu/library Monterey, California USA 93943 


NPS ARCHIVE 


1966 
~ ZORBAS, G. 





APPLICATION OF PARAMETER PLANE TECHNIQUES 
IN OSCILLATOR CIRCUITS. 


GEORGE V. ZORBAS 


LIBRARY DUDLEY KNOX LIBRARY 
NAVAL POSTGRADUATE SCHOOL NAVAL POSTGRADUATE SCHOOL 
NONTEREY, CALIF. 93940 MONTEREY, CA 93943-5101 














APPLICATION OF PARAMETER PLANE 


TECHNIQUES IN OSCILLATOR CIRCUITS 


by 
George V. gorbas 


Lieutenant Commander, Royal Hellenic Navy 
B.S., United States Naval Postgraduate School 


Submitted in partial fulfillment 
for the degree of 


MASTER OF SCIENCE IN ELECTRICAL ENGINEERING 
from the 


UNITED STATES NAVAL POSTGRADUATE SCHOOL 
December 1966 


МЕ Arne “Tes 
(66 





ABSTRACT 

The parameter plane techniques were first introduced in an IEEE 
paper dated November 4, 1964. The paper dealt mainly with the theory 
of parameter planes whereby the roots of a polynomial could be deter- 
mined graphically in terms of two parameters which may appear linearly 
in any of the coefficients. 

Later on methods were developed in manipulating cases with рага- 
meters appearing as a product in the coefficients. Also by incrementing 
a third parameter every time, we can talk about a three-dimensional 
parameter space. 

In this text parameter plane techniques have been used to plot 
the imaginary axis as a function of two parameters. From this plot 
we get curves of frequency versus each of the parameters so that we 


can study the sensitivity of different types of oscillators. 
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1. Introduction 

Up to now, oscillating circuits have been studied from the point 
of view of frequency changing as a function of one parameter of the 
CUT CI ES 

In this work the author attempts to study the frequency variation 
of oscillating circuits containing an active element when two parameters 
of the circuit or of the active element are continuously adjustable 
while, in certain cases, a third parameter is incremented. 

Studying oscillators from this point of view is quite challenging 
because it is usually the case that in circuits like these more than 
one parameter can be changed. 

So in the present text an attempt is made to adapt the newly devel- 
oped parameter plane techniques to the study of oscillating circuits 
and at the same time we test the validity of this technique for circuits 
containing active elements. 

The well known oscillators such as Phase Shift, Colpitt's, Hartley, 
Tuned plate and tuned grid are to be studied for different sets of para- 
meters for each one and by incrementing the gain. 

Evidently the same techniques can be applied to oscillating cir- 
cuits with a transistor as an active element. 

From the parameter plane curves we will derive the "sensitivity 


curves", that is, curves of frequency versus one of the two parameters. 
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2. Tube phase shift oscillator 
In order to produce self-sustained oscillations in an amplifier, 
two conditions must be satisfied: 
a. The voltage introduced from the output of the amplifier 
to its input must be in phase with the input voltage. 
b. The overall amplification of the network must be equal to, 
or greater than unity. 
That is if A = amplification parameter and B = fraction of output 
voltage of the amplifier introduced into the input of the amplifier, then 
АВ > 1 and since this is a vector relationship, 


[al Ze 


A 


and 


B 


|B| ZE 

Therefore relations to be satisfied are 
Jal- lel 
Ө +ø 


Let us examine and analyze the following phase-shift oscillator, 


! 
= 


0 





Figure 2-1. Phase Shift Oscillator 


in which we fix the first two capacitors and resistors at the same value 


of C and R respectively, and make the last set of those, С.» R, variables 


12 


so that we will be able to study the frequency sensitivity from the para- 
meter-plane point of view, with parameters C,, and Қ... 


The equivalent circuit of the circuit in Figure 2-1 is as follows: 


a 


vans к. ë 


Rp 


HD > R 


- ғ 


Figure 2-2. Equivalent Circuit 


where Rp» A are the plate resistance of the tube and amplification factor. 


Using Thevenin's equivalent, looking to the left of points x-x we 





have: 
R 
1 C C Cy 
I iL 
1 2 13 4 
В R p 
Figure 2-3. Equivalent Circuit 
where ! 
! E р 
В.В 2 1 = 
E 1-р Ёс -ё ------ 5 -е А 
в нас ” 
1 р р 


2-1. Derivation of characteristic equation. 
Setting up the 3 loop equations of figure 2-3 
(1) I, CR + В +]Х) - ІВ = Е 


13 


(2) =P Ret leek Е TAR =O 


1 3 


( 3) SRI I4( + R (×ل+‎ = 0 


To solve for Із, eliminate I, between (1) and (3) 


2 


(4) IRI ARJO M RFR JIE 


Е + Ts(R + R. +JX;) 


1, = : 
Ry + R +J X 
from (3) 
I. = 14(8 + К, -)Х,) 
4 R 
Put 1у, І, into (2) 
R 2 I3(R * R, HX + Е 
К] + В + J X 
. 14088 j 
+ (2R оа a - I,R = 0 
R 
2 ЕСКИ Е BEY 27 (2R *JX)(R * Ry *JXy) e 
R) +R +JX R 


RE 
== = => 
Ry + R + JX 


| в(В +В, +]Х,) (QR + X)(R +R, +JX,) | 
إا‎ > — —————— + —— —OIIT n J - 8 


R, +R +)X R 


RE 
R, + R +jX 
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2 : 24 
< | -R“(R + Ry -)Х,) 5 (28-3) ОИК БЭ р? 


‘CR + Қ, *[ X.) - R^(R, + К ж») - р 
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i . : 1 | 


-R^(R, * R Jj») - RE 


R^E 


س 
І; -R^ (ReRy Xy) + (2R4X) (R4 +R4X) (R+R 4X) - R (R]+R4X)‏ )6( 


The voltage at the output of the phase circuit is 








de RO 
So calling the denominator of (6), D 
R^R,E 
0) e FT = —0— 
The total amplification of circuit AB = = and from (7) 
О 
RR 1 1 
V e e e 
= = (- —— = (- — (АВ) 
р Е -Ае, А e А 
= -В 
SO 
2 
R 
@ 3s See 
The characteristic equation of this feedback amplifier is AB = 1 
or 
R2 
с US 
р 
DE 


ARR, + р = Û 


which by appropriate manipulation leads to 


(9) c? | cya, can? + R2 + 2RR)) + cy (R28) | s + [ вис, сзва + R,C) 


+ Cy (2R2C + RRC) « (8202 » 288102) | 
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к, ис Вх 3RO е uc| S 40 1-0 
2-2. Summary of parameter plane techniques. 
Equation (9) is a third order equation for which we apply the para- 
meter-plane techniques for variables Ry and Co: Those variables occur 


in the coefficients of the equation as follows: 
СК + Оо КЫ КО ш т Ок, КО 
R.C 1 у? R OV E3 v 5 


+ | Ryo, + CuK T | S + 1 = 0. 
In other words some of the coefficients of the characteristic equation 


appear as 
ак = рр, + СКЕ + КС К, * de 
Such a characteristic equation is treated by Dr. G.J. Thaler as 


follows: Let characteristic equation 


n 
ЕЕ 0 
-0 
where 
ак = B,C, + Сұқ, Ë пс К, + de 
TE 
$ = - 5ш + jui = = W(-§$+jYl m = W(cosd + 
јѕіпӨ) = wej? 
where 
Ө = сов71Х 
Тһеп 


sk = wkejK® - wÉ (cosKO + jsinK9) 
But Chebyshev functions 


Ту(5) = cosK0 = cos (kcos-lç) 


16 


sinK9 
sind 


UM S = 
So 


sK = ТЫ! слет Т 2 26 СТ) 


Making real and imaginary parts equal to zero and knowing that 


їк(5) = 50609) - 1103) 


(10) 


Em 5 1 wu, Cu o 
К-0 


Equations (10) for the given problem may be reformed: 


С,В1 (5:9) + ВС, (5,4) + СВ. (5,2) + DTW) = 0 
(11) 
C,B4CS , 0) + R C5 CS ,00) + COR HSCS Ww) + D4CY 3:00:82) 
where 
n n 
K 
ву = 2 (-1)bywT,( 3) By = 2. (-D CO 
K=0 K=0 
п п 
К К 
эээ ЕС G,= 2. (-1) (pw, §) 
K=0 =0 
n п 
2 са (с) H. = 2 Суб, шұ 9) 
К-0 =0 
п п 
Dp =D. CDK WTF) Dı = > CD nO 
K=0 K=0 


Solution of equations (11) for Cy, Ry give: 
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1 
Ск 5 БҮЛДЭЭ Г Дон + Дьо ах " 


o» 


= 


where 


etc. 


Bae = el 22 


С1 С? 





апа 
2 
us Дье + Д.р - Шамды " RR, в 


To plot the imaginary axis of S plane (5 = 0) оп the parameter plane, 
ме set ç = 0 to equation (12) and for every value of frequency (2 we 
get a pair of С.» В, from equation (12), for the positive sign of SE ог 
RR, and a pair for the negative sign of Rog ог =. which come from the 
extraction of the square root. 

If we do the same thing for different values of gain A we shall get 
a family of curves 5 = 0 for different A which may represent different 
tubes. 

Then if we fix R, and use A and C, as parameters we can get the 

5 - 0 curves. 

Let us give some numerical values to the fixed parameters of the 
circuit, such as: R = 1M and RJ = 10K . Now for different typical 
values for the gain A = 30, 40, 50 and for capacitors C = 10 Jo F 
10-12 £a. We study the result of the oscillator keeping as parameters, 
Cy and Ros 
2-3. Parameter plane curves C, versus R, for different ranges of fre- 


quencies. 


А = 30, 40, 50 
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Parameters Со, B С = 10 


A = 30, 40, 50 
Ву = 10 К 
R = 1 M 


Рог А = 30 


< 
< 


|с ОЗО Оет Е 10-7) | 53, 
(с RO = 10-2 C, (0.201 x 101) « (0.102 x 10-1] ee 


| В - С.(0.1 х 107) + (0.301 x 10-5) | S + 1 = 0 


V v 
For A = 40 
| св, «0.4102 x 10-10) 4 C, CO. 1 х 10-7) | g3 + - - -(same as above) 
Еог А = 50 
=o E 3 
С.Е (0.5102 х 10 ) - С, (0.1 х 1079) | S~ + - = -(same as above) 


Results for Parameters Cus К, 


The computer results have been plotted into different sets of curves 
on the parameter Cy» Ry plane. 

The capacitors C have been given extreme and mid-values in order 
to study the pattern of oscillator behavior and it is not necessary that 
this type of analysis hold for all frequencies. 

This analysis is valid for mid-frequencies range, where the inter- 
electrode capacitance @€fects of active elements can be neglected and the 
active element gain can be considered as a function of passive elements 


1 
only and independent of frequencies. Namely A = kri 
. + 


R; R, 





For Constant Gain À 
Studying the curves we recognize that for the same value of C and 


for different values of gain A we can control the oscillation frequency 
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via С.» R, over a certain range of frequencies depending on the value of 
C. For lower values of C the range of frequencies is increased and vice 
versa. For example, for gain A = 50 and C = 10712, we control frequency 
from W = 169890 to 885090 rad/sec while for A = 50 and C = 107° we can 
vary W from .168 to .885 as shown in Figures 2-14 and 2-6 respectively. 
We can roughly say that the range of frequencies spans about one decade 
of frequencies. 

For one value of R, there are usually 2 values of C, and therefore 
2 different frequencies, one at the low part and one at the high part of 
the frequency band, that the oscillator can oscillate. For example, from 
Figure 2-5, for R, = 2.2 М correspond = .826 гаа/зес С., = .05 pt and 
u) = .224 rad/sec C, = 2.15 pf. 

Also for a certain part of the band, for a fixed value at C, there 


are 2 values of R, that can make the oscillator work, one at mid-part and 


one at low part of the frequency band, i.e. from Figure 2-10 for С, 


2 рё we have W = 356 rad/sec, В, = 0.48 М in the mid-part and W 
1 cad7 sec eke = 4248 M in the low part of the frequency band. 
The low part of the band presents the more linear variation of 
parameters and may be considered that it gives more stable frequency re- 
sults, such as for W = 193230 to W = 240670 rad/sec of Figure 2-13. 
The mid-part is almost horizontal, like the part between frequencies 
W= 359500 and W = 620080 of Figure 2-14, so small variations of Ry may 
cause drift from constant amplitude oscillations to increasing or de- 
creasing in amplitude. So that decreasing in amplitude may cause stop 
of oscillation and increasing of amplitude will eventually cause satur- 
ation of active elements. 


Also, variation at бэ» if R, remains constant, will cause a change 
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in frequency so this effect may be used to measure variations of C, by 
measuring the frequency change. 

The high part of the band, like from W = 814370 to W = 885090 
rad/sec of Figure 2-14, is almost vertical and small variations of C, 
may eventually cause drift to right or left of j}W axis in the S plane 
and hence have an increase or decrease in amplitude of oscillations. 

For various values of gain A 

If gain A is increased, say from A = 30 to A = 50, the curves of 
Х = 0 give the same pattern of frequency variation, namely, low, mid 
and high part of the frequency band. 

From Figure 2-9, the low part is from about W = 194.7 to W = 255.1 
rad/sec, mid part from 225.1 to 774.9 rad/sec and the high part from 
774.9 to 852.4 rad/sec. 

The lower the gain is, the narrower the band of frequencies is. For 
example, from Figure 2-11 for A = 30, the frequency band is about from 
ш = 237.5 іо Ш = 740 rad/sec while for A = 50 the band ranges from W = 
168.8 to W = 866 rad/sec. 

The lower the gain A, the narrower the range of values that Cy can 
take, while R, can be varied almost over the same range of values for all 
gains, i.e. from Figure 2-7 for A = 30, Cy varies from 0.1 to 1.4 pf and 
IOC A= 50, C, varies from 0.05 to 3.3 pf. R, varies for all gains al- 
most between 0.5 to 7 M 

В, Ваз а minimum value that the system can oscillate, and this value 
goes down as A goes up. As shown in Figure 2-16 for A = 30, minimum 
R, - 0.8 М , for A = 50 minimum RS = 0.35 М 

C, has a maximum possible value that oscillations can be sustained. 


This maximum value is increased as gain A goes up. From Figure 2-16, 
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for A = 30, maximum C, - 1.35 ppt and for A = 50, maximum C -83-23 pp£- 

2-4. Parameter plane curves С. versus A for different ranges of frequencies. 
Now we wish to study the problem from a different point of view. 

We want to see the frequency variation pattern and frequency sensitivity, 

by plotting the 5 - 0 curves with variable parameters С,, апа А. 


Typical values for the circuit constants can be given such as: 


Ry = 10 K 
К = Ry = 1M 
and also for the capacitors C we give values from 10 to 10712 fd: 


For C = 1076 equation (9) becomes 


2 2 2 2 3 
C [car К, + сок + 2R RR AR 31 5 


+ 


2 242 2 2 
+ | б, Сзкод, + R R C + 2R°C + ВЕ. С) Ch oO + 2RRJC | 5 


! 
о 


+ ЁС + p + (3RC + R.O | S + 1 


putting numerical values 


(106 C A « 1.03 x 1018 С | 53 
у у 
“(5.03 х 106 C, + 1.02 | 32 + [2 ШЕР C, + 3.01 | S +1 = Û 
For C = Jo 


[s + Cy (1.03) | 53 + 2 (5.03 10) + (1.02 х 10-6) 52 


[со x 109) « (3.01 x 1075s. Г = 
For C = 10-12 


| дсао-9) + C (1.03 x 10-6) | 53 + |5029 + 1.02 x T 


T |с, х 109) + 3.01 x 10-6 | S + 1 = 0 
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Results for Parameters C,, A. 


For various values of capacitors C we can have oscillations by 
varying C, and A over a specific range of frequencies which is almost 
one decade. From Figure 2-18, frequency varies from W = 140 to W = 
885 rad/sec while from Figure 2-19 W= 141800 to W= 879910 rad/sec. 

The lower part of the band presents frequencies of linear variation 
of parameters С. апа А апа give a perfect region of operation as far as 
sensitivity of oscillation is concerned. From Figure 2-18, the linear 
part is from W = 140.6 to © = 387.7 rad/sec. 

There is a minimum value of gain so that the system will oscillate, 
namely A = 28 for all values of C as it is clearly seen in Figures 2-17, 
2-18, and 2-19. This result is in agreement with what has been already 
proven [1] analytically that for R К, А = 29. For the same circuit, 


if R, = R and C, = C we find that 


1 
е М Е Ч E ж 3. ЭН 22 
EE" Кыса ДЕ 227 ШАН ао X a Les 
1 - 55 “0-р -Ө | tee; 


In order to have oScillations, the imaginary part must be zero, or 


227 Х ШИНЖ: 
— ` - 6 — - l. (———) (—-) = 0 
>) = — — 
and if we set X - ЕЕ and solve for frequency we get 
1 : 1 
(13) لد ل دع‎ 
2твс[6 « ^ ——] 2T RC V6 


for R> RJ. 


Now the equation for the ratio using equation (7) and (8) we 





have —<— = € and for oscillations Ê = Эс Е 
Е -Ае =а6 А 
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5о тул ЭЭ 
А X 2? 1 Х .2 
1 - s ww | 


and solving for A we get 





R1 R1 .2 
А = 29 + 23 4) 
2 q + 4( 5 ) 


For R> Ку аз it is usually the case, А = 29. But this is true for the 
special case where C, = С and R, - R. We have proved now by curves of 

Figures 2-17, 2-18, and 2-19 that this holds true even if the outermost 
capacitor Cy is variable. Moreover it is shown from these figures that 


when A has its minimum value, C, is approximately 0.5C. For example, for 


V 
сас OCCO GG NS = О ho 

The high part of the band is almost vertical as in Figure 2-18 from 
W= 699 to 92- 885 rad/sec. If we consider that A is constant, we must 
have means of making very small adjustments of C, in order to have oscil- 
lations at a specific frequency. 

Near the middle of the band where A= 30 we may have considerable 
variations in frequency for only slight change in gain. So if the tube 
is subject to gain variations this is not a recommended area of opera- 
tion. 

2-5. Parameter plane curves C, versus R4 for different ranges of fre- 
quencies and different gains. 

Rearrange equation (9) so that we will have as parameters R, and 

С | CR, (2RRy + R2) + Cy (ARR + ва? | s? 


. (В.С + ВС) + С, (ЗЕВС + 2820) 


+ R,(2RC*) + вс? | 32 сс, + В) + В, (С) + arc | 5+1=0 
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Give again typical characteristic values as follows: 


Е-Е = IM 


у 
А = 20, 30, 40, 50 
С = 1077 
For A = 20 
св. (0.3х 10-2) + С (0.201 х 102) | sew cC R (0.2 х HD °) 
UV DEN M EO Up 


+ C (0.5 104) + R, (0.2 х 1055 + 0.1 х 10-5] 32 


09 


4,0-2 x 107) + R, (0.1 x 10-9) + 0.3 x 10-2 | +1=0 


For À = 30 
| O81 (0-3 £ 10 J EO 301 & 102) | 33 + (аз above) 
Рог А = 40 


2 


| R1 (0.3 x 1072) + Cy(0.401 x 102) | SE 


For А 50 


+ 


|с,8ү (0-3 21075) к ОК е 102) | g3 
ү 


Higher Frequencies 

To examine the situation for higher frequencies we set the capaci- 
tors at a value C = 10-12 fd and the other parameters the same. 

So equation (9) becomes: 
For A - 30 


ЕТІ -4 | 3 -5 
[Суй (0-3 х 10 ) » Cy (0. 31 x 10 ')( | S” + ЁХХ Х 10%) 
+ C, CO. 5 x 101) + RJ (0.2 x 0517) -0.1х 19711] 42 


40-2 OES O1 U >) + 0.3 x 10-5 | s “1-0 
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Results for Parameters Ry» Су 





For gain A = 20 there are no real values at RJ, C, that can produce 
oscillations which agree with previous results, that minimum gain is 
about 28. 

The W = 0 curves have a parabolic shape with steeper slope at 
higher frequencies. For example, in Figure 2-22 for frequencies W = 397.8 
to W = 799.9 rad/sec, the slope is steeper positive than from W = 323.7 
rad/sec (negative slope). 

There is a maximum value of R; for a given gain as for A = 30 max- 


imum К, = 80 К апа this value is higher for higher gains, as for A = 50 


maximum R4 z 780 K 


Ihe range of values of C 1s larger for higher gains. For A - 30 


21011 1172 d. while dTor a 500 WE 


С varies from 2.9 x 10. 
у v 


5 Хх J То 2015 x 10719 farads. 


The range over which the frequency can be controlled by R1; C, 1S 
wider for higher gains. For A = 40, Ww varies between 294.3 to 762.7 


rad/sec and for A = 50 between 243.3 to 799.9 rad/sec. 


! 


m can be accomplished either intentionally 


R1 + R, 


by changing the load resistance ву! or by eventual changing of tube plate 


Change of Ry 


resistance R, due to temperature or supply voltage variations. From the 
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$ = O curves it is evident that we have better frequency stability due 
to small R, changes at low frequencies rather than high frequencies be- 
cause the rate of frequency change is less at low frequencies. 


This fact has been proven analytically as follows: We define: 


1 


frequency sensitivity = шт їг 


а150 


change of oscil. freq. 


frequency stability = : : 
oscillation frequency 


Since we are interested in variation of parameter Ri; we can associate 


GE with dR} as follows: 





ас?” аву 
(15) л. R1 


from equation (13) 
EM ^ш 5-773 [2 
2 ТГ ЁС (6 + ц | 


and differentiating we get: 


dE = 1 | 20 
аву 2TT RC 





Or 
(16) arl. тв ee 
Ё торт Но ean c] 
281 + ЗВ Ry R4 
where 
R 
K =ош ца Эн 
1 284 + ЗЕ 


1 

RIR 

But R = 1 P and differentiating this with respect to R_ and 
ВГ + Rp Р 


plunging into equation (16) we get 
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1 
281 + 38 (1 + R, 1 р 


and calling the first factor of the right hand part of the equation Ко, 


we get 





217) ЕК 


Figure 2-23 gives the family of curves for different gains A where 
the constant W curves have been superimposed. Those constant W curves 
appear to have almost the same slope. 

Figures 2-24, 2-25, 2-26 are drawn for higher operating frequencies 
and it is shown that frequency variations give the same pattern. 

2-6. Sensitivity curves W versus C, with R, varying. 

The sensitivity in frequency of the oscillator can be studied better 
with respect to one parameter only, and then with respect to the other. 

So the next curves have been drawn as frequency versus one parameter, 
while we do not take into account the second parameter of the parameter 
plane. Nevertheless the other parameter is varying, as stated on each of 
the curves. 

The pattern of frequency variation versus C, is the same for differ- 
ent values of C as shown in Figures 2-27, 2-28, and 2-29. For lower fre- 
quencies one needs large variations of Cy to produce a relative large 
change in frequency. For example, from Figure 2-28, a change of Cy from 
1.9 х 10-9 +о 3.30 х 10-? ға changes frequency from .17 x 103 rad/sec to 
.225 x 10? rad/sec for a gain A - 50. As the gain goes lower, a lesser 
and lesser variation of Cy is needed to produce the same change in fre- 
quency. 


There is a point on each curve (peak of curves) which produces in- 
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Stability because the slightest change of CG, would cause considerable 
change in frequency. As we go lower in gain the peak point flattens and 
and shifted to higher frequencies so the same amount of change іп С. 
causes a severe change in frequency. | 

For higher frequencies ( WD .225 x 103 rad/sec for A = 50, Figure 
2-28), as we decrease Cy, frequency is increasing in logarithmic fashion 
and the lower the values of Cy, the higher the frequency. For example, 

a change of C, from 3 pe то 2%5 pe changes frequency from 0.265 Krad/sec 
to .295 Krad/sec while a change of C, from 2 pf to 1.5 pf changes fre- 
quency from .335 Keps to .395 Kceps (Figure 2-28, A = 50). 

2-7. Sensitivity curves W versus R, with C, varying. 

The pattern of frequency variation is the same for different values 
of C which give different ranges of frequencies (Figures 2-30, 2-31, and 
2-32) 

From Figure 2-32. For low frequencies about W = .25 Mrad/sec varia-~ 
tion of R, gives the same variation in frequency for gains close to A = 50. 
But as the gain is lower the change in frequency is higher. For a change 
of R, from 3M to 2M there is a change in frequency from .185 Mrad/ 


sec to .197 Mrad/sec for A = 50 and from .263 to .303 for A = 30. 
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In the middle range of frequencies (Figure 2-32) the higher the gain 
is, the flatter the curve,so there is an instability in frequency which 
is more severe for higher gains. In other words small variations of Ry 
cause extensive variations of frequency when we operate on this part of 
the curve. 

For high frequencies the curves present again a workable area, but 
here small changes of R, cause large changes of frequency. 

2-8. Sensitivity curves W versus C, with A varying. 

The curves present the same pattern of variation in frequency for 
different values of C (Figures, 2-23, 2-24, 2-25). 

For low frequencies, the curves present a good workable part where 
variation of C, causes a reasonable variation of frequencies (for about 

.3 krad/sec)in graph 39. 

For high frequencies a very small variation of C, causes a large 
variation in frequency as for change of C, l pf to 0-5 pf, frequency 
changes from .5 to .5 krad/sec (Figure 2-34). 

2-9. Sensitivity curves W versus A with C, varying. 

The curves are the same for different values of С, (Figures 
2-36, 2-37, 2-38). 

There is a unique minimum in gain about A = 28 for all values 
of C. For gain lower than that we cannot sustain oscillations. 

For gains from 28 to about 70 there are two points on each 
curve where we can have oscillations, one at low and one at high frequen- 
cies, for example, for A = 60 (Figure 2-38), we can have oscillations at 
W = .21 Mrad/sec or at We= .86 Mrad/sec. 

2-10. Sensitivity curves W versus Ri with C, varying. 


As the value of C is lowered from C = 107? fd to C = т Êd, 
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Figure 2-36: 
С,, varies 
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the frequency curves, although they have the same shape, are raised up by 
R = 0. 30x 10? (Figures 2-39, 2-10). For example peak value at Rj for 
NS LP uo MURUS for co с107 21:01 0120 
Also peak value of R, for A = 50 and C = 10-9 Ed 1s 7.9 X 10? .f1 and for 
С = 10-12 Ға, Ву = 8.1 х 105.0. 

There is a peak value of R) for every value of gain, i.e. 8.1 x 
102% for A = 50 (Figure 2.40). At this point frequency of oscillations 
is unstable because small change of R, may cause wide change of frequency 
which is wider for lower gains because the curve is flatter for lower 
gains and also this flat part is shifted to higher frequencies, i.e. for 
А = 50 the flat part is at about W = .35 krad/sec and for A = 30 it is 
shifted to W = .48 krad/sec (Figure 2-39). 

For a given gain we can tune to different frequencies of oscil- 
lation with one value of Rj. 

The higher the gain, the wider is the range of frequencies we 
can cover by varying Қ]. 
2-11. Sensitivity curves, (4) versus C,, with Rj varying. 

There is the same pattern of frequency variation for different 
values of C (Figures 2-41, 2-42). 
For higher values of C, (say P цх 10-10 fd) we have variation 
in frequency which is larger and larger as Cç; gets smaller and smaller, 
i.e., from Figure 2-41 for a change of C, from 20 to ТОУ 10719 ға for 
А = 50 we have a change in frequency from wW = .27 krad/sec to .285 
krad/sec while for a change of C,, from 12 to 8 x 10-10 ға we have a 
change in frequency from .31 to .355 krad/sec. 
10 


For values of C, smaller than 4 x 11017 Ға change in frequency is 


more drastic as the curves get flatter and flatter at higher frequencies. 
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Figure 2-42: 
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2-12. Transistor phase shift oscillator. 
The same problem can be handled with transistors instead of tubes, 


with minor differences. 


D^ 





Transistor phase shift oscillator 


Figure 2-43 


"Тһе equivalent cincult of Figure 2-43 is: 
| 


| 
| 

R Rr < R R 
hee Fb 0 O : | 
' 
| 


г ыс сол. 
Transistor phase shift equivalent circuit 


Figure 2-44 


Using Thevenin equivalent to the left of points x-x we get: 





Yransistor phase shift equivalent circuit 


Figure 2-45 
where 
R Тон, К tput ist 
سس ك‎ = output resistance 
1 Во + Ry О 


Ry, = load resistance 


2! 


Rr RghrELyg ij, = base current 
Е = - — ——  -— 
Бу + Е | 
E S hpg = forward current gain 
or 
БЕ. RLRohFE lprn 81КоЛЕЕ Р 
j Rr + Ry ца (RL + кг? 


Зо we can call voltage gain of the transistor 


Rr Rohpg 


where r, is the transistor base resistance plus the emitter resistance 


referred to base num p + r (hrg + 1) which can be seen from the trans- 


hpgip 


istor T equivalent circuit below. 





Figure 2-46. T-equivalent circuit 


Solving the 3 loop equations of Figure2-3we get 


R2E 
-R¢(R4RY+X,) + (2R+X) (Ry +R+X) (RAR 4X) +R2(R +В+Х) 


Із = 


Voltage at the output of the circuit 








R RE 
е = 1.8, A D = denominator of (7) 
or 
2 
R°Ry 2 
е = (-Ae,) ё --„ЕЁу_ А 
D e D 
but 
2 
e R^R, 
STAB S ABS 
ёр О 5 A 
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2 
feedback factor B = = мин 


and following the same technique we come out with the same characteristic 
equation as in the tube oscillator. 


The same results so far hold for transistor oscillators also. 
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3. Сепега1 Арргоасһ іп Deriving Characteristic Equations 


We are going to further study the most common existing feed back 
oscillator from the parameter plane point of view. 
The generalized representation of a feed back oscillator [ 2] 13 аз 


follows: 















Switch 
Active 
Element Feedback 
Cireuit Network Yin 


Yo 





Feedback oscillator 


Figure 3-1 

which is a typical 2 port network where we use y parameters for the active 
element's circuit because we easier associate y parameters with the para- 
meters of the circuit, say gm, 1/тр etc. For the feedback network, con- 
versely, the Z parameters are used, because they are more readily avail- 
able. 

In the circuit above, the feedback loop is opened and the active 
element circuit, which is an amplifier, is fed by an external voltage 
V. Then the input admittance of the amplifier, Yin? which normally 
loads the output of the feedback network is placed after feedback. This 
situation now represents the case of an amplifier with feedback. But if 
the amplifier and feedback components are so adjusted that ys = V. and 
I = I. in magnitude and phase, then we can put the switch to the left 


Side and remove source У; - So we have the equivalent circuit. 
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Feedback oscillator equivalent circuit 


Уі 


Amplifier Feedback 





Figure 3-2. 

The fact that voltage at the output port is equal to the input 
voltage before the feedback loop is closed, is equivalent to the fact 
that the feedback in a closed system must be regenerative and closed 
loop amplification under steady state conditions must be equal to unity 
which gives the conditions for oscillations. 

The conditions that output voltage and current are equal to 
input voltage and current in magnitude and phase, are described by the 
following equations, for a linearized amplifier circuit. 

L = Wy. Уа 

I' 5 Уу, + V'yc 

У = EI - ТЛ 

ү = ВЯ. - T25 


Simultaneous solution of these 4 equations lead to the relation: 


EZE Yio" Yoli rr OVE YgY -) (22, - 2626) иг 


Since = e for a passive network and VD, for an amplifier, де 


is negligible so the equation becomes 


EI Cy A TEN cuv ла nO 


725) 


In the case of common cathode vacuum tubes where there is no grid 


current flowing, Уі апа у, аге zero so equation becomes 


(18) УЕ2 и о 





In a common-cathode circuit NEUSS and и = Tio; 1 
is plate resistance and Ry, the load resistance. 


The above relation is nothing more than the condition for oscillation 
AB=1 which by itself is the characteristic equation of the whole circuit. 
We are going to use this relation in deriving the characteristic 


equation in the S plane of representative types of oscillators. 
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Ц. “Colpitt s Oscillator 


4-1. Derivation of characteristic equation. 


L 
RF Choke RF Choke 
| й 
Isolating 
Capacitor 
-Ч , 
L r 


Figure 4-1. Colpitt's oscillator 


Characteristic equation: 


YgZg + aT 1 = 0 





а = | + از‎ DEN 
2 тез жс, G 


2 
1 1 z: r PE _ 1 ЕЕ = CL 
2 S2C4C» 





2 3 
5С, SC, 82010» 


_ S2C1C2L + S rC41C2 + C4 * C3 
| SC1C2 


Plug into the characteristic equation: 


1  8Сїг +'S2G T 
£m ل‎ + ku —— + ] = 0 
3761622 52с1С› 
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PN Goon ت‎ ун ت‎ = 0 


SĉC1C2L + S rCC2 +C1 + Co | 
Em * 9-УоС150" 5Уус oS 7 SC {C5 = 0 


2 5 2 й 
Ев + З“УОС1Ь + ЗУоС]Е + Уз + 5 CCl + S rCCg+ SC + SC, = 0 


3 2 " 
S'CQC4L + S (y C1b * rC10 » 5 (y Cir + C + C5) t (Bn up 








where 
ч 1 rp +R 
o 2 i г // Ri Л r_R = 
р р ÛL 
m : Уш 
divide by Ус and set gain A = 
Yo 
CCL TUG C1 * C 
зза гэ... ЭЭ 
Ус Ус Ус 


4-2. Parameter plane curves C, versus L for different gains. 


1 
Giving different values to the tube circuit parameters: 
For A = 30 
you ЦЕГ mhos 
100 هک‎ 


r 


10-12 ға 


Co 


The characteristic equation becomes: 


83(10-8с,1) » 82(0,Ю 4 10760.) » 81.01 х 10'61+10-8)+31 = 0 
For A = 40 

8 (10 c1) + STG СОР C10 - 0 
For a = 50 

sO) SOL. O CDSEO x IOC +10 Sl O 
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Results for Colpitt's; Parameters Cj, L 

If we fix capacitor Cy of the feedback circuit at the value of lppf 
and have as varying parameters the other capacitor C, and L, for low 
frequencies such as w< 30 x 106 rad/sec, we have control of frequency 
by only varying inductance L. For example, for gain A = 40, C, must be 
fixed to 39 ppt in order to have oscillations. 

This value of C] is higher, the higher the gain is, i.e., for gain 
005 Сту = ppt and for A = 50, С, 59 рғ. 

For higher frequencies (W>30 х 10° rad/sec) С, remains по more 
constant, but it must be reduced while L is reduced in order to have 
oscillations at higher and higher frequencies. 

Constant W curves are vertical. So if the gain changes and L is 
constant, then by varying C we stay at the same frequency. So by virtue 
of this fact, we can detect any change in gain by the change of С, tuned 
for a certain frequency. For example, for gain A = 50, we set L = .6mh 


апа С. = 49 ppe in order to have oscillations at 41.505 Mrad/sec, but if 


1 
C4 tunes at C - 39 ppf for the same frequency, it means that gain is 
A - HO and not 50. 

4-3. Parameter plane curves C, versus L for different gains. 


For the following typical values of the circuit parameters: 


VE 107^ mhos 


r 


100 2 


с. = 10-12 


1 fd 


Characteristic equation: 


C1C2L ЕС. С Сү + С 
ЕЕ с эшш, SCR gs Л. 
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Results for Colpitt's: Parameters C5, L 

Now if we fix the other capacitor of the circuit C = 1 ppf and have 
variable parameters с. and L we see from Figures 4-3 and 4-4 that for low 
and mid frequencies (up to W = 0.1 x 108 гаа/зес) we have linear varia- 
tion of parameters Co, L. 

The constant W curves are horizontal so again for constant L and 
different gains we must adjust only C, to have a certain frequency of 
oscillations and by this means we can detect any gain changes in terms 
of frequency change. 

For high frequencies parameter C, remains constant while varying 
only L we can tune to any frequency (Figure 4-5). This result can be 
used to detect any variation of L in terms of frequency if C9 is sup- 
posed to be constant. For example for A - 50, if С. = 02092 ppf suppose 
we drift from frequency W = 321.8 Mrad/sec to 531.8 Mrad/sec it means 
that L has changed from 0.49 mh to 0.18 mh. 

Co has the value of 0.035 ppf for A = 30 and reduces for higher 
gains, Cy = 0.02 ppe for A= 50. 

4-4, Sensitivity curves W versus C4, with L varying. 


From Figure 4-6 we conclude that for changes of Cy we have almost 
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Vchange in frequency. The curves present the same shape for different 


gains. 
4-5. Sensitivity curves W versus L with C} varying. 

For all the gains we have the same curve so frequency versus L curve 
is independent of gain (Figure 4-7). 

As L gets higher and higher values, of the order of 1073 h then the 
curve is getting flatter and flatter so a wide change in L causes only 
small change in frequency. 


As L is getting lower and lower values, of the order of i 


h, 
then the lower the value of L the wider the change in frequency, i.e. 
change of L from .5 x 107? h to .4 x 107? n causes a change in frequency 
from .45 x 10? to .5 x 10 rad/sec., while a change of L from .3 x 107? 
to .2 x 107? h causes a change in frequency from wW = .59 x ШЫ. фо 
се х 109 гаа/зес. 
4-6. Sensitivity curves W versus C, with L varying. 

For low and middle frequencies, or for W up to 1x 107 rad/sec, 
the curves for different gains give the same pattern of frequency varia- 
tion with C, as shown in Figures 4-8 and 4-9. 

As we change C, from а high value to lower and lower values we have 
a higher and higher change in frequency, i.e., from Figure 4-8 for A = HO 
for a change of с, from 25 x 107? to 20 x 107? fd there is a change is 
frequency from .4 krad/sec to .445 Mrad/sec while a change of Cy from 
15 х 10-5 +0 10 х 10-2 fd gives a change in frequency from .52 Mrad/sec 
to .63 Mrad/sec. The change in frequency is higher as we approach the 
flattening part of the curves. 

For higher frequencies like W = 10” rad/sec with a constant С. ме 


сап produce a whole range of frequencies (by varying only the other para- 
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meter L), i.e. for C, - .2 x 1071? £d for A - 50 (Figure 4-10). 
4-7. Sensitivity curves W versus L with C, varying. 

For low and middle frequencies, up to W = 107 rad/sec the frequency 
curves are the same for all A's (Figures 4-11, 4-12). If we work on the 
left part of the curve, say W<.5 x Өд (Figure 4-12), for a change in 
the lower values of L we have wider changes in frequency rather than for 


2 


changes of L in the higher values, i.e. for a change of L from 8 x 10 “h 


to 7 x 1077 h we have Aw = 0.225 x 10° while for a change from 5 x 1054 
to 4 x 10-2 we have AW= .5 x 10° rad/sec. 

If L goes to a lower and lower value we have a wider change in fre- 
quency as we approach the flattening part of the curves. For higher 
frequencies (w= 10? rad/sec) we have different curves for different 
gains (Figure 4-13) and variation of frequency with L is logarithmic and 


is almost constant. 


it is always the same because dw 2 ك‎ 
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5. Hartley Oscillator. 


5-1. Derivation of characteristic equation. 











R 
L 
В+ 
С 
Figure 5-1. Hartley Oscillator 
Characteristic equation: 
Yele Moli in ss Ye = Ém 
y = 1 = ee ae s AL 
o7 —— 
20) М 2 202 ] 
Ze = ss = кон = Ш 1112 + (UM | m Lr + Lory) 
E M 2 2 2 
= 4-|чэ — 0 осадное + S 111 253 5 М + SL iro + ша! 
2! нә 2 272 22 
2. = - | ==> с т ІІ, - S*^M* + SL4r» + SL r] + 5С 


1 





Z = r] + г. + SL, + SL» + 25М + 


1 


Plug into the characteristic equation: 





1 М 2 2 
Em ЕЕ - 5 T5 1115 - S°M + SLir, + snp 
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297 
+ S*L,L, - 87М4 + SLyry + SLory 








ба 





2112 
50102 = + 32112 - SM Ea SL F8 SL T-Sh $ 


Loy D 2 


which gives 


$3 (Cg LyLy - CM’g, + CLyLoy, - CM*y,) + 


2 
5 (CLy Tog, * CLoórig, * OLiroy, + CLoriy, PECETE + CL, + 2CM) + 


SE In MES СУог1 Е. + L уй + Crj) + Cr.) + (ту + 1) = O 


2 


Em 
Yo 


and we get 





Divide by y, and set A = 


3 2 2 


CL] + CL) + 2CM 


+ S(ACL1r2 + ACLor, + CLyrg + Chor, + s 


O 


1 
+ S(ACrir, - AM + Сгүг, + 1, Lo Qa + (г. + s ) 
0 0 


II 
© 





5-2. Parameter plane curves C versus Ly for different gains. 
Giving characteristic values to the tube circuit parameters such as: 
YAN 107" mhos 


= ТОО 


ry Eo 
М = n henries 


Lo - 1073 henries 
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Characteristic equation becomes: 


53 EN + Ly) - С(АМ2 + №) F 





2 1 L9 * 2M 
S Е + г. + 2 ) - CCALor, + Lori £ — Е 
O 


S СЕ ког E + (1,2 - м) - р - x -0 


53 Га. 00.31 х 1071) - C(0.31 x TE 


52 СЕ X 10%) + cas. + 5[ссә.з х 109) -2х 10-3] 


210110: 0 


Рог А = 40 


3 p х 10-1) - с(0.51 х 19-5] + 


52 [ea Gn х 104) + sae.) + 5 (саға х 100) -3х 10-3) 
+ 1.01х 104 =0 
For A = 50 


53 EXE ss ST 10-5) + 


52 [ сы (1.51 x 10+) + ca7. v * s[ca.s 21102117 10-3] 


+ 1.01 x 10^ 2 0 
Results for Hartley oscillator: Parameters C, Ly 


For low frequencies up to W = 90 krad/sec C remains constant and 
its value is higher for higher gains. For A = 30, C = 1.01 x 1078 ға 


, -8 


and for A = 50, C = 1.07 x 10 fd. 


For high frequencies C also remains almost constant (for > 800 


krad/sec). 
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In the case of the mid frequencies, in order to achieve a certain 
frequency of oscillation we must vary both variables C and Ly (Figure 
5-2). 


5-3. Parameter plane curves C versus L, for different gains. 


2 


Giving typical values to the tube circuit parameters as: 


ЇНЭН mhos 


Yo 
rq = r2 = 100 Sl 
M = О henry 

Шұға 10-3 һепгу 


Characteristic equation: 


Se сі. (А + 11) - CCAM? + м2) | 





5 СТ, (Аг, + r + ) + С(АТ г C LOB. db me | E 
< y 





1 5 2 172 Yo 
r] ЕЕ Гэ 1 
5 | + rir» + س‎ . + L. - am] + {к + = 0 
yg 2 2 Yo 
For A = 30 
3 -1 -6 
S CL, (0. 31 x 10 `) - C(0.31 x 10 `)Í + 
52 | 120-131 х 102) + са5.1) + s[cca. 31 x 109) + Lo 
- 0.3 x 102 | + 1.01 x 104 = 0 
For A = 40 


3" Га. осо. х 10-1) - С(0.41 x 10-6) | + 
s2 [ cuoco. 11 х 102) + cae.»] + 8|сс2-41 x 109) . 
Ох 102 1.0m x pot = Q 
We also get similar equations for A= 70 and A = 90. 


Results for Hartley: Parameters C, Lo 





There are 2 branches of curves 7 = 0 and they leave a gap between 
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them where there are complex values of variable parameters. For example, 
for A = 40, frequency starts at ™ = 83213 rad/sec and increases to the 
left, forC =7./ x 10-9 farads and Lo = 0.0125 h. Also we can achieve 
the same frequency for C = 4.9 x 10-9 farads and Lo = 0.0195 h, and 

from that point on,frequency increases down the curve on the other 
branch. So we see that we can achieve the same frequency for two dif- 
ferent sets of values of parameters, one at one branch of the curve and 
another at the other branch. 

The constant frequency curves are consistent for both branches of 

© = 0 curves. In other words if we extend constant W curves of one 
branch of § = O curves, they fall on top of the same constant W curves 
of the other branch of § = 0 curves as the constant WY = 104930 rad/sec. 

If we follow one branch of curves, say the right hand part of 
Figure 5-3, it continues on Figure 5-4 for higher frequencies, we see 
that for higher frequencies such as 4/»800 krad/sec L2 remains con- 
зїапї, Ly = 38.0 mh for A = 50 and is lower for lower gains, Lo = 26 
mh for A = 30. So in this area of curves we have frequency control by 
varying only C. 

If we follow the other branch of the curves T = 0, we can increase 
frequency of oscillation by decreasing L5, and first increasing, then 
decreasing and lastly keeping C constant. For frequencies up to W = 
93442 rad/sec for A = 50, C increases then up to № = 700 krad/sec, C 
decreases and for higher frequencies C remains constant, while the fre- 
quency is controlled by varying only L5. 

In other words for high frequencies Ww » 700 krad/sec, we can have 
either capacitive or inductive control. For lower frequencies (w« 700 


krad/sec) we control frequency by varying both parameters. 
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There is a maximum and minimum value of C for a given gain. For 
example, for A = 40, C varies from a minimum value of C = 1.6 pf to a 
maximum of C - 9.5 pf. These values go higher for higher gains, as for 
A = 50, with minimum С = 1.9 pf and maximum C = 11.1 pf. 

Also there is a maximum value of Lo» such as Lo = 0.026 h for A = 
30 which goes higher for higher gains, Ly = 0.038 h for A = 50. 

There is a "dead zone" between the 2 branches of T = 0 curves, 
where it seems that the oscillator does not oscillate, because the para- 
meters have complex values. Let us test one of the points of the "dead 
zone", say Ly = 0.2 x 1071 h and C = 7 x il farads and for gain A z 


50. We plug those values into the characteristic equation: 


g3 [o Х 10:02 OM 1 7 CO 


(0.51 х 0-5]. 


52 [C х 10-2) (0.2 х 10-1) (0.151 х 102) + 7 x 107? 7.1) + 


1 


$ (0 х 1079) (2.51 О <. 10-2 |+ 


1201 1081) 


Set S = jW and equalizing real and imaginary parts to zero we 


get for the real part: 


- w? | 0.212 х 10-2 + 0.12 x 10-7 | = - 1.01 x 104 


ROI TOURS 


LM t= 4.75 х 102 
0.213 х 10- 


0) 


W = 6.85 x 104 rad/sec which is almost the same as the constant 
curve W = 6.8593 x 10+ which falls on the selected point. So appar- 
ently the system must oscillate at this frequency. 
5-4. Parameter plane curves C versus A. 


Giving typical values to tube circuit parameters as follows: 
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Ес mhos 


Cy = r9 = 100 2ک‎ 


M 15-4 henry 


10-3 henry 


l4 L5 


Characteristic equation becomes: 


s? [4cc.99 х 10-6) « cc.99 x 10-65] + Е x 107l) + 


с(22.2)| + 9 [acao * C(.201 x 107) - АСТ 9 + 10-3] F 
1.01 х 10 = 0 

From Figure 5-5, for high frequencies, we observe that in the part 
of the high frequencies of the curve, for wW>1.5 х 106 rad/sec, the 
variation of frequency is independent of gain A which reaches its min- 
imum value A=1 for this range of frequencies. 

For the rest of the curve both gain and capacitor change is re- 
quired in order to get frequency variation. 

For lower frequencies ш < .17 х 109 rad/sec, Figure 5-6, We see 
that capacitor C reaches a maximum value C = 1.3 x 10-8 fd for a gain 
of about A = 300 and then drops to a limit value G = 1x 10-8 £4 for 
very high gains. 

5-5. Sensitivity curves W versus C with L varying. 
For frequencies less than 6 x 10^ rad/sec and down to .8 x 107 the 


SES 


parameter C is constant for each value of gain, i.e. C = 1.01 x 10 
for A = 30 (Figure 5-7). Тһе frequency is controlled only by means of 
the other parameter L4. In other words, if Ly is inadvertently varied 
then we have frequency instability. 


For frequencies greater than 6 x 104 rad/sec, frequency varies 


with C and the lower C is the larger the frequency variation is, i.e. 
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for A = 30 (Figure 5-7) for a change of C from .7 x Tone to .6 x 1078 L; 
Aw = 4 x 10” rad/sec while for a variation of C from .3 x 1078 to .2 x 
1079 ға Дә- 12 х 10" гай/вес. 

For higher frequencies (W>4 x 10° rad/sec) the curves for differ- 
ent gains coincide so frequency curves are independent of gain. 


5-6. Sensitivity curves (Q versus Lj with C varying. 


The curves for different A's have the same slope so 








Aw Al, 
2 

Р, 11 

is almost constant (Figure 5-8). 

5-7. Sensitivity curves W versus C with L. varying. 


For low frequencies, from 1 x 102 to 7 x 102 


rad/sec (Figure 5-9) 
one value of C can give 2 values of frequency, as for C = 5 x 10-9 ға 
and A = 50, W = .8 x 102 rad/sec or W= 3 х 102 rad/sec. 

The constant gain curves fall on top of each other for C< 3 x 107? 
fd or frequency curves are independent of gain for W>4.5 x 10° rad/sec. 

There is a gap between each constant A curve around C 2 6 x 10-9 
fd as it appears also on Figure 5-3. 

For a given gain A there is a maximum value of C as for A = 40, 
maximum C = 9.5 x 1072 fd which can produce frequency instability if 
the other parameter (L5) is unstable. 

For higher frequencies (Figure 5-10), the slope of the curve on 


log-log paper is almost constant so constant 


242 ,4с. 
w C 
5-8. Sensitivity curves W versus Lo with C varying. 
There are 2 values of L, that can give the same frequency for a 
given gain A. (Figure 5-11). For A = 30, № = 1х 10? rad/sec for 
L, = „1х 10-1 ог .15 х 10-1 h and we can conclude from the analog com- 


puter test that the 2 branches of curves are connected by an almost 


Straight line. 
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There is a minimum value of frequency of oscillations, i.e. for 
A = 30, minimum W=1 x lee rad/sec. As we decrease L, (Figure 5-11) 
we cause less and less change in W as we approach the flattening part 
of the left branch. Also, for values of L greater than .5 x 10-2 h, 
the left branch of curves flattens so we have less change in W. 

For higher frequencies and increasing Lj beyond .2 x 107! n we pick 
up the right branch of curves which continues on Figure 5-12. There is 
a maximum value of Ly for a given gain where frequency is varied only 
by the other parameter (C), i.e. for A = 50, maximum Lo - 3.8 x 1072 h. 
5-9. Sensitivity curves W versus A with C varying. 

From figure 5-13 one observes that for high frequencies W>3 Mrad/ 
sec, A remains constant at its minimum value A = 1 while for w< 3 Mrad/ 
sec, logarithmic variation of gain causes logarithmic variation of fre- 
quency (Figure 5-14). 

5-10. Sensitivity curves W versus C with A varying. 

From the curve of Figure 5-15 for high frequencies W>.2Mrad/sec 
one observes that logarithmic variation of frequency corresponds to 
logarithmic variation of capacitor, while gain is changing accordingly. 

For frequencies W<€0.2 Mrad/sec, (Figure 5-16), C reaches a peak 
value C = 1.3 x 1078 fd at 0 = .1 Mrad/sec and then drops to a limit- 


ing value of C = 1 x 1078 £d for lower frequencies 40 < .02 Мгай/ѕес. 


115 











* 
... - 
, 
.. 


3 - whew ds - 
8 z. »»| 44-09 . 
кас и 
- ....... -.. 
-- ...-4---- 
.--Х4.-. 
z - -.4--.-4--”. ... кү 
Sven UE SS -— ---4---- — 
. + x аы 24-222 ° LIES 
- --4- --1-- - 
Е =< ... - ` 
2.4 - + E 
---1--4-4- . 52% 
= ' 
. > - 
=... --45-4ф- Des : os 
| 9 =-%- - 
<. 17 "+ гт 
„ = 
E uL , ' Am › 1 4... 
----4-- : , 


TAPA 
' 
! D 














Z P uar 
А Кге ӨШИ , qu as 

erp pum tr 
о 524444447 


= lejos eae Idco Lal + № IF. e 5 ү 
wit — + ° Г Tiy E: w. ү ی‎ ETS ! e - 1 


-+b Pr - ` 
- ... ^" - 
T ` ар 
- : = 
- ж. : . -4+ e 
ае. 
— ж.-.ь-4Ӛ--»- 


Хоцчэпрэл1Я ЧЯТН ѕитео MOT 


=== di 
кален 201 = 1 = 1 zEE ЕЕЕ ЕЕЕ 
SEER ES ЕНЕ c 
21:17 2 | СТ] 
Алаэн , 01 = И Да E === 
її СЕНДЕ 
201223 
001س‎ = “2 = 12 UE 
бӘТІРА 2 soyu 6-01 = `Á = 
T V SnsioA (m 9AJn) AQTATIT SUS == 
paler Poe ae 
Л 25283 эшв2ва re 





рел1 





fO! 





ante 





Hee 


TERRE 
TET 





a] ES - 
-4-4- 12 — $= - %- 4-1 => 
1-1-,-4 4--(--4--4--ф--4-- 

4 121 1--4-4- r д 4.45 











E = а Eum: 
шэг. er E i - 
ЕЕРЕЕ ЕЕЕ нан 1 
вэ ега парат адаса 
yt ttt тээ лэ ЭНЭ sie bere t +++ - -- Ex 
ILE 
Е ши ВЭЭ E БЕЗ PEENE H Еее 
E. ШЕНІНЕ Е 
НЕНЕН НЕНИ ЕН 


сг 
m Et 


| 




















НЕ 
" 
| 
































оч ЧЕН НЬ 
ЕЕЕ 1 
лс 
E S peee E EE EE ч ЕЕЕЕЕ 
БЕН Нег! 5523 
БЕНЕН НЕН Ч ERE 
Е ИН eeen à = 
к ЕНЕ = е4 ЕЕЕ КЕЕЕЕЕ ЕЕЕ ЕНӘ а Е | 
ШИН ДО ЕЕЕ ЕЕРЕЕ B RB чю 


t 
1 


| 
ү 
" 
НИ 


1 
E 
i 
| 











АЯТІҸУН :Є1-< Ә208І4 == 


E 









i ria: ы з E 
° E -- XOU ESSE P - 
i ҮЛЭГ Яв P ерата аи A -L-— 
| c em E T | 
! C 1 ! ТРЕ! E +444: EH а тү 
} Bs qup pr Те =] d Fi -рес EE -561 -4+4 
g р АЛЕН. 4--1-1-14-1-1-Г-гл 11:11:12 Е + 3 jum 
- - اساپ‎ ; үрү 3 | p. 1 
i [E di E г ү [ 
ise ii nb e Atd mone 33 pe -}- ТЫҢ 522 дэс 
ӨТІ їг T SELECT лыг | 
umn Wa drm N i N ec 
z . 
бу e N o, tO ч. m. š 
æ » . = 
+ m N 8 


смоібілісі осі X STIIDAD с 


^ ` 
ө о о о ә —-—_-Ҥ-ҤЕҤҥ)Ё_--- кые ха эд Энжи "OD UASSI в ЗЗАЧОЭЭ, => | 
ы а^ х j 
^e » £t9-aQast DINHLINVOQOT INES =» 21 


— —À  — M o e —— —HS. 
, 


— — — 





1 








1 


Eu 
i 
' 


-. - - = 
E ' -8-8- 
- 2 += ce 
4. 1-4 ' 1-4 
+ 


' 
‹ . 1 
' Ре ' 
4 «ta o . مم‎ -- - 
} Е — 
4—4. ~È =: 
1 
' 
: 


ЫН 


— 
НЕ 
ip 








БЕ 
duer 








1 


“ 4. 


ri? 
Я Ц 
1 


E 
Ч 
aa 








Е 
ЕН 


Алчән 01 = Ст = lq 





Е za 
ПЕ 8 
Á | : БЕІН 
iueH , OL - W а теч 
| IGI 
Soe (lo = ба = ly 8 ES Е 
ат = о souu "EUM D : = Үгүй 
С T 1 "У SnS4ƏA үү? ЭЛЛПО ÁJIATJISUƏS : Les 
a Ta | 
B ; 
3 |- V У ‘О элэзэщезеа ` 19" 
Hoi | | re 
i n P ; AWTLLHVH :Ч1-с 910814 N 
54 x e: 
JE р ط‎ ` | 
(ийг ч | 
т в. £ ¿ Ió $ / $ 6 | 


ма 








e 





? 
tretet- $- 
+: 


Дор 


EE 
m 








Hr 
Hs 


| 
ЫН 


1 
ЇЕ 





2211. 
! 


[| 
11! 





ЖІ ды 


m waman 






L 
шэг 
тен 
ii 
= 
Ht 





| 
4 
, 
- 








t 

1 

if 
Н-014 
it 
ib 


N 
4 
¢ 


1 


Г 





| 
i 


| Ë 
Ї ИН 


1 
! 
1 





— D 
ЕЕЗ 
! 
1 





ШІП 
ls ПІ 


ІШЕШІШІ 


$ЭтэцэпЬэ13 ЧЗТН витео мот 


і 


a سم‎ т 
i = 
Б ' 
t 
4 
E 7 —- ә 5 
an) Dien Seaman ЦИ 








Ee 
нэ 

е шыш) 
= 
— 


ша 


2-3 


Áa1ueu ОТ = Cry = Iq 





Бос 











5 
[р 


E 












b Tin | 
Алчә - TH ag j | j ШИН 
Ч 6-01 = М НЕН ШИН ИШЕ ЕҢ 
[ШИ п ОНЧ 
p LL ii T 
T OOS: 63 z 11 ТІН = wa TILL — ШИН 
ВНЕ НӘН ЕТІН 
о ا‎ НЕ 
зэтлел у = soqm , OI - Á 1 2 ы NE 
x L= 


O SnSJ19A (у 2AIND ATATITSUSS 


ыг 


3 


Y. 
| S 
I 
е 
E AE 


c D V 50 вләләшелед 


72 i: mE 
| | М HL: 
1 TA ME: 21 В 
Az Ф ` ө - Фь 
Е |і AWLLHVH :с1-с әлп8тя 2111 
4 m : оа ап 
et sus 
| ТЕС Кү 
e Et 3 






с 





—9ÀÀ M 49 o u— ——9 — +‏ م مم ك 


= tive 





(әәѕ/релу) 
. e" 
5 


со 

° 

ш» 
N 
. 





ااا 
s====‏ 
Е‏ 


H n 


| 
l 
HI 


H 
n 


1 








о: же, 2 
2 — 
- - - LÀ 
7 - - - -%- - ---. + э . 
- . . 
* 





ЫН 











HEEL 
гэссс 
БЕНЕН ЕЕ 


---Н-Н-- 
Br 
| 

E 


E 
[T1 

[^ 

ua 
n 

E 
а 


НЕ 
НЕ 





. 
-+ е == - E 
, 1 , 
, 21 БЫ 
2 . --- - += r 
- B ' , 
, + 
.. - » = = 
E x е } 
- - - - ° . з = > ; -- 
? 2 8, 1 

Ri EE Be .-4- - = ۾‎ : IU. : i eat 
' Ё 1325 i , 1 { 

eal M : ТІНІ, 
Ee is m S Au : E 
Э ЖЕТІ, НЭГЭ Зо ЭРХ 2 

' , M 1 
ae deci. coe ta - tt 
- - -.... .- . - o- - : еа + Š 
E s = рг 
---1----4--. ----4---- f 
4.4. b. LL. Ёныг 

- .... - - m > 

` ... - - 
es» | - m юэ Ec 228 1 
5228 ЕР > > REL - 
S i 

= ! 





ШЕ 

p 

ER 

B 
Eg 
g 








аны т ! 


ЯВ 
Ma 

rrr 

SA 


tap ee fae du - 
- 


as 


НІНЕ - + 
Li 1 
ban 
ДЫ 
LI] 
8 
df 
a 
Ert 
БЕСІГІ 


po 
шара 
ЕЕ 


: Е: 

ii ; u 
cH ган 
таршларт 
БЕ 

—— ud 

EET 
НЕ s 


ss 
ЕН 
үү 
a 
pU 





нв 
bop 
Ш 


и 
+ 
Г 
l 


4- 
і 
1} 








ШШ 
H 
СН 





EE 
тэс 





EE 
cr 











H 
Ёс 
Y 


НЕ 


ШШ 









H 
H 


| 


i 


I 
ЕЕЕ Ч t i 
= 2 E ..4 i 
1 Ї Ф. 5 E 
4 I ' 
7 ы ! 
8 4 *-- 
! $ $ ۰ 
à 
.. - 
= > p 
: : } 
1 4 
› 
‚| 4 . - а ; 
í 
1 


Et 
iL 
Е 

Ї 
i 


HH 
ИЕ: 
НЕ 
УН 

ШИН 
1 


|| 
ЫН 
Ш 





sorouenbei1g MOT UB 
ЕН 
(11:11:11) 


ИШТ 


{ 


Aqusy ¢_OT = “I 17 Г Ї 
ТЕ 





Áauou 01 


! 
2. 


- 1 
Wool = “t= 2 Hj 


soqu 


O 

ہے 
" 
> 
в‏ 





3 Чэ 
Du = Tk 
ni Ё 5этлел у 0 5549л (9 әллпо 41141416496 Б 
A. ми V 42 злэзэмедлеа H 
E { | 
ig —- = AWLLINVH :91-$ элпятя Hl 


| 
1 
i 


6. Hartley "Dead Zone". 
6-1. Analog computer simulation. 


In order to study the Hartley oscillator at values of parameters C 


and L, in the "dead zone", we simulate the problem in the analog compu- 


ter. 


An oscillator can be regarded as a feedback problem of gain A and 


feedback B as shown below: 


Output 





Figure 6-1. Feedback Circuit 


The transfer function of this system is: 


А 


НО А гсн 


The characteristic equation 1 - AB is already found so we have the 


transfer function: 


a ИМТ оу د د‎ E 557 = 
(26192 = С + S 1112 = 54М + SLir, * SL =D] 


juu ol 312" 2+ SLL) = SM; aos Slot, + Ё zT 1 
7 = 
С 


Divide by Ус and multiply by Z and we get: 
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А? 
Ус 
А; - 2 + к = 52м2 + SL] r9 t L271 | 








.-.веее е 


1 E 
С SC O 


T 4 M2 + 521.11, - $2м2 + SL 09 + SLor 4 ET 


By appropriate manipulation of this equation, we get: 


А| 8 сал ца + 2M) + 5С(г, АЕ Ее 1| 
М(5) ----------------------------------------- .... 
з САСУ LaL; - ACygM2 * Cy,L,L, - Cy,M2) « 


тө өө 


“л. + АСУ Lory + Cy Туг, + Сугу + С(1ү Чгоэ200 | + 


Фо © © 


к 2221 Сук Г» = Yolo + C(ry + | E СУ, цан 


We give the following set of values to the parameters of the circuit 


and tube. 
Vous 10-4 mhos 
rJ = F2 - 100 О. 
м = 10-4 Непгу 


L = О Непгу 


Also, we select a point in the "dead zone" defined by: 
A - 50 


Io MD 


G = 7х 10-9 Е 


II 


and the transfer function becomes: 


50| 8261. 48 х 10-10)+$(1.4 x 107°) + | | 
(5) = 


63(0.715 х 10:15):52(0.224 х 10-9)-5(3.257 х 10-6) + 1.01 
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82(0.74 х 1072)45(0.7 х 10-5)-0.5 х 102 
S3(0.715 х 10:19)-84(0.228 х 10:92)-8(0.3257 х 1072) + 1.01 


1 


0.74 x 1079 L. « 0.7 x 107^ sz + 0.5 x 10° 


E 


0.715 x 10719 ч 07228 lOc” | 4 053257 x Tec то 
S 52 53 


+ (Or 
= 


1.035 x 107 09895 x 1035 ТОК СПО! = 
5 47 = 


ia ñ 0.313 x 106 < - 0.455 х 1010 1 - 1.415 х 101> 8| 
52 53 


In order to see oscillations, if any, in the brush recorder we 


must time scale the computer. 


4 


The frequency of oscillations is around f = 10” cps so if we time 


scale by 10^ we represent one cycle in one second (computer time). 





1 1 
0.1035 x 104 = + 0.98 x 102 о Ш 228 














5 g2 $3 
W(S) = T š — 
1 48 0.313 x 0. Ү17-572 717222: = 0.1415. x 107 — 
5 2 3 
5 5 
m bs Output 
- e Ё 
5] 
5 5 
а D 
Input 





Figure 6-2. Analog Computer Flow Graph 


Figure 6-3: COMPUTER DIAGRAM "DEAD ZONE" 
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Output 


10 


м 
ма = 
co ==! 





Since the gain of the summer is very high we amplitude scale the 
problem by 103. The computer diagram before amplitude scaling appears 
in Figure 6-3. When we amplitude scale, the input resistors to the 
summer are to be multiplied by 103. 

We select a point on the ç = curve defined by C = 0.83 x 1078 Ға, 


L> = 0.159 x 10-1 В, which corresponds to frequency W = 6.8593 x 10^. 
s {0.83 х 10-8)(.159 х 10-1)(0.51 х 1071) - 0.83 х 1079, 
(0.51 х 0-9) + 22| о.вз х 10-8) (.159 х 10-1) (0.151 x 107) 
+ (.83 x 107) (17.19 + $ = x OG CG SI х 109) 


+ 0.159 x 107} - 0.5 x 0-2] T peux 10" 


Set S = jw and equalizing the real part to zero, 


- и? (0.200 х 10-5 + 0.0142 х 10-5) = -1.01 х 10% 


4 
Dar 1.01 x 10 2 9 
п лс е 4.73 x 10 
0.2142 x 10 
LO = 6.86 х 10^ close to the expected value. 


For simulationagain, we give the following set of values to the para- 


meters of the circuit and tube. 


-4 


Yo = 10 mhos 
гү = 100 О. 
м = 10-4 һепгу 
ЕШ han 


We select a point on the J = 0 curve defined Бу: 
A = 50 С = 0.83 х 1079 ғ 


Ly = 0.159 x 107! h 
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50(82(0.83 х 10-8)(0.171 х 10-1) + 8(0.83 х 10-8) (2 х 102) + | 


WCS) 
s3[0. 672 x 10715] + 5? [0.214 х Do + 5[0. 316 х e 1.01 


s2(0.71 x 10-8) « 8(0.83 х 10:5 -0.5х 102 
8310. 672 5 тон! Р 32 [0.214 5 10-9 |» s [o. 316 2 10-5] + 1.01 


rom 201087 <= 


5 

ТТР 12 ЕГ 12 1 ари на 

1 - | -0.з18 x ШО и? ж 1019.—— E =r | 
5 S 


PEL: 





№06 х 10” 





5 


Е о ШЕ 


$ 53 
1 


| = | 813 02 2 0: 1010 2 са 
S $2 $3 








0.106 х 108 + 0.1235 х 1012 


Тїше ѕса1е Бу 104 
0-106 < Ш ОН ло о т ш 
5 52 сэ 
М(5) = 1 


141 995 5195 10208859999 0.57 үо2Те ог Тэ. 
S $2 СЫ 


Ву Routh's criterium using the coefficients of the characteristic 


equation: 
53 [0.6 - 10715] 52 [0.212 - 1079 zog DET - 1075 | 
+ ].01 = O 
Зо ооз 0 16 < 10 
82: 0.214 х 10-9 1.01 
sli (0.214 х 10-9)(0.316 х 10-5) - (0.672х10718)(1.01) 0.0 
0.2127 > 102 

O TOI 0.0 


In order to have oscillations the SÎ term must go to zero: 


15 


0.675 x10. - 0.68 х 10-12 = o. Roots are to the right 


half of the plane but very close to j^" axis, and frequency 
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Figure 6-4: COMPUTER DIAGRAM - OSCILLATORY AREA 
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DTE 1.01 8 


2-5 4-68 х 10? = 46.8 x 10 
-214 x 107 


E 6.85 x 10“ almost exactly as shown on the curve in 


Figure 5-3. The computer diagram is shown in Figure 6-4. 
Results of Simulation 

The output of the analog simulation is shown on graphs 6-5 and 6-6. 

From Figure 6-5 one can see that the system oscillates at about the 
frequency of 6.87 x 10^ rad/sec which is close to the order of frequen- 
cies which are to be expected in this region if the curve ç = 0 for 
А = 50 were continuous. 

This point of operation (A = 50, L, = 0.2 x 10-l h, C = 7 x 10"? f) 
lies to the right half plane, since the oscillations are building up in 
amplitude. The reason that the amplitude is building up cannot be at- 
tributed to the fact that in this area the digital computer gives com- 
plex roots for Lg and C but rather to unavoidable inaccuracy in select- 
ing this point to be on the A = 50 curve by extrapolation. 

From Figure 6-6 one can see that the amplitude of oscillations is 
more stable although ultimately build up as they have to, since it has 
been found by Routh's criterium that we operate slightly to the right 
of the jw axis. This happens due to plotting and slide rule approxima- 
tions. 

Finally, the building up of amplitude and probably inaccuracy in 
frequency of oscillations is attributed not only to plotting and slide 
rule approximations, but also computer and brush recorder calibration 
and the inaccuracy of the values of resistors and capacitors of the 


simulation circuit. 
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6-2. Digital Computer Simulation. 

To avoid noise and scaling problems which are inevitable in analog 
computers, one could simulate the problem for the selected point in the 
"dead zone" using digital computer by ROUTINE ТМТЕСТ. 

The characteristic equation taken from analog computer simulation 
16: 


1 


§3(0.715 х По?) О л оо ССЗ ОШ С 


33 + (0.313 х 106) 82 «(0.455 x y0lÜU)g + 021445 х 1019 -00 


X * (0.313 x 109) &K * (0.555 x 1015)X «0.15 x 102 9290 


Initial conditio 


Let X(1) = X 
Х(2) = X(1) = X 
Х(3) = Х(2) = X 


Х(392Х --саухау с(2) хә сЗ) сз + ©. 


Equation to be solved: 


XD X(2) 
Х(2) = Х(3) 
X(3) s SGCDxXC1) = COIRO "6-62 


Since w= 6.86 x 10^, f = 1.09 x 10°, Е а: 1954 Sec, we select 


. . T -6 
Оо 
the time interva 100 


Initial time = 0 Final time = 5 x 1077 sec. 

From the digital computer output of about five cycles (Figure 6-7) 
we see that the circuit in the "dead zone" oscillates. Again, the fact 
that oscillations seem to converge is immaterial, since we are interes- 


ted only in seeing if the circuit oscillates. 
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Figure 6-7: DIGITAL COMPUTER OUTPUT 
OF "DEAD ZONE" 
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6-3. Routh's criterion test of points. 

Working backwards we leave gain A as variable in the case of the 
point in the "dead zone" and solve for A at the limit of stability (on 
the jW axis). 


Characteristic equation: 
3 _ м? _ м2 
5 [лал М )Cy, + (LL M LA + 
2 
5 [Аг Í гу) Сус + C(ygL4r4 * yglgrj * L4 + Lo + зм) Y 


Агу) = МУ Gy nin P” ya „8 + C(ri * с) + (г.у, + 1) = O 
Putting values: 


Vo = 107% шһов 


гу = г, = 100 О. 
ы -4 

M = 10 henry 
= -3 

ү = 10 

Ly = Ш2 х 10-118 


С = 0.7 х 10-8 ғ 
we get 


E 10 Oe). МОО OE O a ОЕ 


е 10-8) o7] « ? | aan c7 X 1079300 9) * (.2 x 107 ут 
ое И о 10-9) |» sac: x 107+ 
~ 107*) (1074) + (67 х 10-8) + .2 x 107? « (0.7 x 1079) (2 x 1027) 

+ (1072 + 1) = 0 


53 0.19 x 1071934 + (0.14 x 10-16) + 


үл» х 10-11) А + (0.7 x 10-8) (0.2141 х 175] 
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+ з [с-о.з x 10-8)А + 0.35387 10-5 | + 1.01 
Routh's criterium: 


33: (0.14 х 10-20 * 0.14 x 10-16] ЕЕ x 107834 + ОЗДУ 10-5) 


32 + | ©.14 х Уд + 0.15 x 10-5 | 1.01 


For the limit of stability 


= х 10-8)А + 0.34 x ТЕСЕ х 10711)А + 0.15 х 1079] _ 
= = x 10716)A « 0.14 x 10-16 |. [1.01] - 0 
-А2(0.42 х 10720) & A(-0.45 x 10718 « 0.476 x 1071^) + 0.51 х 10-12 


-А(0.141 х 10-16) - 0.141 х 10-16 = 0 


420.52 х 10-20) + дС9. 79 х 10-18) ЖО ss 
2 -4 -2 Ж 
A*(0.42 х 1077) + А(9.97 x 107^) - 4.97 0 
A2 + 2.33 x 103 A - 1.18 x 102 - 0 
J^ 
(2 2.33 x 103 s [5.5 x 106 « 4.72 x 105] _ 
2 
222 З3/х 1027-02-12 105 ۹ 02 ss n: 
2 2 2 == 


This certifies the fact that the point lies to the right half plane, 
because in order to come on the j(Z) axis we must reduce gain from 50 to 


45. Plug A back into the S? row and solve for frequency and we get: 


4 


W = 6.85 x 10° rad/sec 


Now take a point to the right of the previous one and try to get 


12 


А = 50. 
The point is defined: 


.205 х 1071 1 


Lo 


С „7 x 1078 ғ 


Characteristic equation becomes: 
59 | a. 205 x 107^ - 10795(.7 x 10795(10-5) « (0.205 x 107^ 


ды 


о 0-8) (1079)| + 542.15 7 х 1078) (1079) 


(.7 x 1078) (107? « 0.205 x 109 « .205 x 107l + 1073 + 

.2 х 10-3 S (ac? E 1o2 TO TIO YT ü (ms DP. 
.205 x 107? « (.7 х 1079)(2 х 102] + (1072 + 1) = 0 

$3} aco. 14d х 10-16) + (0.144 х инж, + s? А (0.15: х 10-11) 


OTO COSC 1071) | + s[ac-o.3 ж ТОЗУ ох 10-5 | 
ү ОТ 
S3 1 A(0.144 х 10716) + (0.144 х 10-16) А(-0.3 х 10-8) +.345 х 107? 
S^ : А(.151 х 10-11) + (0.154 х 10-9) 1.01 
For the limit of stability: 
4-3 x 107°) + (. 345 х 10-5 || 6.151 х 10-11 + .154 х 10-9 
- [асла х 10-16) « (.144 x o [ 1.01] = 0 


А2 | 45^ а 1020) + А|. 975 x 10-17 | 24517 5 10815821) 


A2 + 2.15 x 103A - 1.21 x 10° = O 
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1/2, 
| 





к ЖО One [4.62 x 109 + 4.84 х 105 
2 
+ 
Ns NND 
2 
Кш к SS 
2 
ЕЕ Се ы ызыл йа... ы 2 ЕЕ XE 
(58)(.151 x 10-11) + (.154 x 1077) 5237] 
= 4.26 x 10? 


Ш = 6.525 x 104 rad/sec. 
Interpolating between values of L, we define a point: 


m= 208581 1071 
Point A 
С 


7х 10-9 Е 


һ 


53 | А(0.203 х 10-5) 0.7 х 10-5) 010-3) « (.203 x 102501697. x 10-8) (10-4 + 
52 [462.82 (.7 x 1079) (10-5) + (.7 х 10-8) (107° + 0.203 х 10-3 + .203 х10 + 
10-3 + .203 x 10-3)| + 8 26.7 о ооо о ооз тоно 
+ (.7 х 10-8) (2 х 0?) + (102 + 1) = O 
87 Е EO EM Sma 10-16) | + 
S° | AC 149 x 1075) 2907 x 10259099 17 9x 10-1) | 


8 


5 |AC 3 x 10 ) € 313 5: 10-5 | + 1.01 = 0 


Routh array: 


SJ :  A(.142 х 10716) + (.142 х 10-16) МЕЗ осока 


А(. 189 х 10-11) + .152 х 10-7 1o1 


1 34 


At the limit of stability: 
|9 x 10711) + .152 х 10-9 |.| ас. з x 1078) + .343 x 10-5] 
Аслы x 10716) 4 (.143 x 107194 - [1.01] - 0 


А2 x 10-20) s к [97 : 10717] - 2507 х 10857380 





A^ e AC2.18 x 10) — 1-17 х 10772808 
2.18 + [4 75 7109-5 “876672 m -2.18 * 2.28 3 
А- = = ы Е ый = 2 х 10 
2 2 
А = 199, = 50 
2 


So this point falls on the 1 = 0 curve for A = 50. The corresponding 


frequency is: 


2 1.01 1.01 х 10 
(50)(.149 х 10711) + .152 x 107° 


Q) = 6.68 х 10 тл see 


Ме take another point defined by: 


.22 x 107l h 


Lo 


О 


Тһе characteristic equation becomes: 


20 


К х 10-% - 1078)(.6% х 10-8)(1078) » (.22 х 107! - 10-8)(.68 хю)). 


(197%) + s? | &C2. 3) C. 6 x 108o салт, 27 


-4 


+ .22 x 107! + 1073 + х 1075) + S| AC. 6n x 107^ - 107^) (10 ) + 


С бы х 10-8) + 22 x 10-2 (36/0 1 0 102] ыо о 


1:35 


53 [ АС. 141 x 10-16) + (.141 x 10-16) | + 52 ош? x 1028 = СШ Аша 


(.2342 Ж 10-})| - 5 | AC-. 36 х 10 3 + (. 348 x 10-5) | + 101 = 0 


Routh array: 


83 : A(.141 х 10-16) + (.141 x 10726) | АС-36х1079) + (. 348x1075) 
62: А(.Ш7 х 10:11) ы (,15 x 1079) Tal 


For the limit of stability: 


[АС 247 х 107-11) + (.15 х 10-9]: Ас. з х Тр, + (. 348 x 1075] 


- nac x 10719) + ¢.141 x 10-16} [1.01] = 0 


А2(.529 х 10-20) + АС.958 х 10717) - 5.36 х 10716 - 0 


А2 


+ 


1.81 х 1034- 1.01 х 103:0 


í 


- 1.81 x 103 + [3.28 x 106 + 40.4 x 104] -1.81 + 1.93 3 
ру 





We take the next approximation, a point defined: 


Ly = .217 x 107 
point B 
C 


‚64 х 10-8 Е 


1 1 


! 


g3 | АС.217 х 10-5)(.68 х 10:8)(1075) » (.217 х 1079)С.64 х 10-8) 079)| 
я s? | 442.27. 6% x 1079301055) ООСО 1 2107 


гт о 


оо 2 x 10-3) | n s [Ace x 10 
-5 -8 2 2 
217737  (-64 х 107939(2 х нг 1.091 - 59 


53 | АС.13% x 10716) « (.139 x 9716). 
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+ $2 | гс. ла x 10 15) + (.64 x 1079) (. 98 x 10-1 | 5 


5 [4.36 х 10-8) + (.345 x 1-5) | + 1.01 = 0 


At the limit of stability: 
Routh array: 


S? ; 4А(.139 х 10-16) + (089 х 1059) АС-.36 х 10-5) +(.345х107°) 


S? 1 АС.185 х 10711) « С.448 х 10795 1.01 


8 


| АС. 145 х 10:11) « (.188 х 1079)|- [ac-. 36 х 107°у + 


(.345 х 10-5) | -| a¢.139 х 10-16) + (.139 х 10-16) |. 


E = 0 


15 


А E x 10-20 | + А |. эзв х 10-17 - .524 x 10 7 = 0 


А? + А(1.885 х 103) - 102 = 0 


'/ 
jas -1.885 * [3.55 x 10° + 4 x 105] _ -1.885 + 1.985 103 
2 2 


_ 100 _ 
А 5— = 50 





So this point also falls on top of T = 0 curve for A= 50. 


Frequency at this point is 


era r so.‏ ا 
х 10711) + (.15 х 10-9) .223‏ 147.( )50( 


W= 6.74 x 10" rad/sec, which is higher than “= 6.68 x 10" 
rad/sec found for the previous point. 


Ме test for another point on A = 50 curve, defined by: 


Ly = .19 x 107l h 


| point C of Figure 6-8 


С = .74 х 10-8 Е 
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s3 | АС.19 хэ102)С:74 х:10"ЭМ 0-5) ажС 19 х”10" уу 10-8) (10-4) | 
+ 52 | лсо) с.л х 1078) (10759) + (.74 х 1078) (107? + .19х 1073 + .19х 


107! 4 1073 + .2 x 1073) | 122) КЕ x 1077 - 1079) (10795) + (.74 x 1078) 


+ Э190:хаай-5 + Ю.75 х 10-82 х 102)| + 1.01 = 0 
s? | асаа ху 101° Ж ME 10-16) | А 
52 | слав х 10-11) + (.74 х 10-8) (.2039 х 10-1)] 


5 |AC-.26 x тв + (.338 x 10-5) | * 1.0120 


Routh array: 





53; АС. 141 х 10-16) + (.141 x 10716) 4(-.26 х 10-8)» .338x107> 
s^. KC TS 9 10:15 + №151 х 108% 1.01 
211 цөсний -8 
JAC. 148 x 10°. +) 200108 140 [АС -26 wiley + . 338 x 
10-5] Е [лса O: CI 10716] [1.01] = 
A2 E x 10-20 | +А ЁС х 10-17 | о ЕЕ 
В ORTU EO 
‘la 
е 6 Sj ты. 
MU [6.25 x 10° + 5 Т | UE). 5 UN. 
2 2 
-— _., 
2 
Frequency for this point is: 
28 1.01 _ 1.01 
“Ç (50) (.148 х 10-11) + (.151 х 10-4) (22581086 


А)- 6.7 x 10+ rad/sec 
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So we can conclude that the curves, although seemingly interrupted 
due to the complex values of parameters L5, С, in reality are intercon- 
nected. There is a minimum in frequency however, and below this mini- 


mum we have no oscillations. 
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7. Tube Tuned Plate Oscillator 
7-1. Derivation of the characteristic equation. 


It has been found [2] that: 





1 INE 1 : . 
2. = - J—— = - + letting S = jw 
і 2022 WC 52022 SC 
M 
و‎ 
2 CZ 
2 
1 _ §Cri+ S LC + 1 





SC SG 





Figure 7-1. Tuned plate oscillator 


and equivalently: 


Гр 


g Rr C 
+ 


Figure 7-2. Tuned plate equivalent circuit 


141 


Putting those values in the relation (18), we get: 








М , , (wal рее о 
Sm “cz o 92027 5С 
М 


SCZ -1 
CZ Yo с2с27 


+ 


бт 


2 2 


2 
S'ggMC * ygC28 - y * 562 7 0. Putting Z = SCR + S IC+ 1l- 





SC 
SCr + S2LC + 1 
S? gn MC + = пае + 8202 | Уа 0 
S*cL + S(g,M + my ver) суксо 
where 
"ur 1 НИ... 
5 2 = --- 
20 rp//Rr, rpRL 


Tube voltage gain A = E oe песен = гё 
L 





A = En NO EN ёт 
гр + Ry Y 


Divide by yg so that we have a relation involving gain which usually 


comes along with the amplifier. 


g2 Cb + S(AM * L + 6۴ + (r + 1 J) <0 
о Уо Уо 





7-2. Parameter plane curves C versus r for different gains. 
Let uS give some typical values to the different components of the 
circuit: 
М 107^ mhos 


= 1073 n 


bz 
! 


эш hh 


< 
! 
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[m 
| 


i 


— 9 яле 
СЕЕ 


ص * 
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L t 


Шеге 
5 4 
سل س ہے مسح ٭‎ da 
—* + 
e ror emi d 


-— 4) — 


i ' 
= ЕН 
ЫН шэн 


а-ти 


=a h 


ШЕ 


~ 


ERI 
wor 


t-f- 


% 
: 
ШІ 


13215407 шийдээ: 


о 


Азчэц 01 
Е = 


| , + $ | * t 
-4-4-1- - = ээ 4 | 1 
. P s s 2 шал = ^ 
1 К LI : | , : f eur 1 гат i ЫН MT үзе 1 
1 И = zum m 2 3 leet- š 1-4 21:1:1:4-4 = а) iep a LS 
! 4 wen shoe А =—— - - , ay = dna t e m š a 
Ч 0 г Шеш ГЕ: р Таа 1 [ 3S1 1 H enia ' £11 m у 1 | 1 ' 
4 | | L = mdo 5 цн eis, "iue ed a 2d m 2 - I — a a nm, ке 
=! ү .> ae Е са ES - - E a — <“ .. Ë -— +: ~+ ^ $ 2 ЕЕЕ I E = s , - 
Me ҮІ) Тегі { ; ї F 


inne 


г 


$,у зчезэззта 


EIS 


du e ETE 


1 ShnSJI9A ) S9AIn) ләдәшелед 


S4IVid аяма, 6-/ әспӛтд 


$4: -+ 





For A = 30 


Characteristic equation becomes: 


g2(10c) + $(-3 x 1073 + 1073 + 10* cr) + (r + 10%) = 0 


52(.1 х 1026) + 8 | 1 x 10° Cr - .2 x 10-2 | [1 х 101 + 
.1 x 105] = 0 
For A = 40 
32(.1 х 1026) - 5 Ё х 10?Cr -43х 1-2 | + Е х 101r + 


SIOK 10° | = 0 


Еог А = 50 
ас x 1020) % 5 Ё x 10°cr - .4 x 10-2 | + Е x 10'r + 


0.1х 105] = 0 


Results for Tuned Plate: Parameters C versus r: 

The 5 = 0 curves have the same shape for different gains and they 
are Straight lines on log-log paper, so logarithmic variation of one 
parameter requires logarithmic variation of the other also, in order 
that the system will operate on the jW axis. 

The constant W curves are almost vertical for the lower part of 
the § = 0 curves and they become distorted at higher w like w> 


3.5928 x 10 rad/sec as shown in Figure 7-3. 


7-3. Transistor Tuned Plate (Collector) Oscillator: 
To derive the characteristic equation of this circuit we work dif- 
ferently because the already derived equation (18) does not hold in 


general for the transistor circuit. 
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Figure 7-4. Transistor Tuned Collector 





Figure 7-5. Tuned Collector Equivalent Circuit 


E j WMI j UM 
Feedback B = ара ыска = = - a 
Ес -(r + 1% М) ТТ, CE 4 L 
Ёс hpgbyZ 





Voltage amplitude = Е == 
8 р Ay Eb ҚЫДЫР + re(hpg 4 El 


1 


(r + JOL) —— 
r+ jobt LCS? « Crs + 1 
JC 


Characteristic equation: A,B = 1 


145 


- ОМ JA ж... 


г + SL Вр + ro (hpg + 1) 


(ShpgMD(r ӘР _ _ (г + sU] r, + Ге (Пре + D] 
Lcs2 + CrS + 1 


ShpgM + | ves? + CrS + Ч |» + ге (рв Е D| = 0 
LC E E rg (hpg М 32 + for [r + re (hpg + : + МА Бр $ + 


| нэ. гор + 1) = 0 


This is under the assumption that r. 15 Ёоо large and 


L. = hrgl, 
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8. Tube Tuned Grid Oscillator. 
8-1. 


Derivation of characteristic equation. 





Figure 8-1. 


Tuned Grid Oscillator 
Characteristic equation: 


Ур2р+ yon + 1 = 0 


Ye 7“ Ет 


М 
шон CZ 


ф 2 | ЖО 
انمز + للف = ,ج‎ = SoM 


7 (b 


t 


2 
1 1657 € FCS + 1 


SC 
Plugging into the characteristic equation we get: 


' du 
M SL'Z - 5°М Қ 
Em cz ` Yol 7 y uz" 





EmM + y C(SL'Z - S*M*) + CZ = O 


a : 
Em + yoC | SL : S 


۹ 52м?! + 
SC 
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sc s p, 


БЭРТ SC 


which gives 


S3(yoLlC - ому ) * S?(L'Cry, * LO) * S(g,M + L y, + rC) +1 





where 
posl T oo 
о Zo rp//Rr FoR, 
dividing by y, we set gain A - = 


LC )+ SCAM +L + E ср 


$3(1'1б - СМ?) + SET or + 
Ус Уо Уо 





8-2. Parameter plane curves C versus L for different gains. 
We give different values to the tube circuit parameters such as: 
ve 1074 шһов 
roseo 
М = ЛОП һепгу 
L = 1073 henry 
The characteristic equation becomes: 


For A = 30 


83 K и 10786 | E 52 | 1021,'с re 1oc | + 8| ос E 


3 1073 | eo = 


40 


$3 Еш LOZ 1078c | + 52 | 101'c + toc] + § Е PLS 


For A 


вх 10-3] + 104 =0 


Рог А 50 
33 [10-3 EOE 1078c] T 52 [102 L'C + toc] + говс ЕНІ 


5 х 103 | + Ho” = 0 
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Results for Tuned Grid: Parameters C versus D 

From figure 8-2, one notes that the Ç = 0 curves for different 
gains have the same shape. Namely, for higher frequencies, i.e. w> 
1.2 х 106 rad/sec, the parameter L remains almost constant with a 
variation of C. 

For frequencies Wd 12 109 rad/sec, both parameters are ге- 
quired to be varied for oscillations. Beyond a certain value of W for 
a given gain, such as W - .6071 x 10 rad/sec for gain A - 30, the 
digital computer output gives complex values for parameters C, i 

The constant W curves are straight lines of the same slope on 
the semi-log paper. 


8-3. Transistor tuned grid (base) oscillator. 





Figure 8-3. Transistor Tuned Base 


The characteristic equation of this circuit is: 
Ур^е + УЙЛ 3 yo mi 4,4, gen 


and it cannot be further simplified as it could in the tube circuit, be 


cause y, and y, are not in general too small to be neglected. Ме will 
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find the у parameters of the transistor in terms of the h parameters 


and the parameters of the transistor equivalent T circuit which follows: 





Figure 8-4. Tuned base equivalent circuit 


For the circuit above, with a load resistance; 


1 2 1 + 12281, 
Tin hi1 t hRy, 





iod. E 


The rest of the parameters are: 





— = ie 
px 2 WU 
м AB 

ЗЕКЕ Уо = h 
11 
Аһ 





У У = 
O 22 һу, 


h parameters in terms of transistor parameters are: 








Ге = Pre , 
ҚЫ йкес Ээ? where В = hgg 
h Ге 3 Е ге 
12 (1 -одго e rc 





h22 = GCI rc etc 
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We now find y parameters in terms of the transistor parameters and ~, В 





has 25а Е с 


ши гр + Ёте а pine 
ES ос 





Ге 
ra (r, +В го) 


E o P е 8 
МТИ rha + Bre rp« * gre 
© 


гь +Br Ё А Ге 


An 





_ Вх +В те) _ Bfe | 


r 
A to X re 


2 
В (гъе+ вг.) -( Bre xr, + 2p (1 - о<) 
V Е Т но 
сс K Гс 


2 ос 
xb + 3 ев _ (rp + re) 
— —— Br» + re _ 
о Ёс ос Го 
Ё (гъ + Ге) 
An — — By + rg) 
hg erp *Bre ro (Xr, + В ЕС) 
x 








1 + hooR, 17% "EM 


Yi "hi * AhR 
11 1, «гь ~Pre + mg re 
es ere 
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XT. + BR, 
Te 
ro(Xry *gre) * Вт, R (rp * re 
e TG 








Ar, +B Rt, 
rc («ry *Bre * RL 8 (rb + Ге) 


Z parameters are: 


52м2 
o a 
M 
Ze mapan eye 
1 1 
E E EE 
о s2c?z SC 
Az-— 1 00 2 
A zm az CZ + SMS) 
AM Ш КЕП 
SC SC 


Plug these Z quantities into equation 
Yg2g + у;2„ * Voor Ay dz + 1 = O 
and we get 


M 1 ' 
кот are 520257 " Уоб8Ы 2 





iA 2-23 Qs] +1 
C CZ SC 


Manipulating this expression, we get: 


3 |y, ctu: = ad + s? |y, eh + (Ay)L'Lc + 


-(À y) CM? + c^, | + s [yec + y;LC + Yo + 
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+ СЛ уут сс + rc?] + [ус + c] -0 
Now put in the y parameters and get the characteristic equation for the 
tuned base transistor oscillator. 


Final expression: 
53 | y CLL = уоМ?с | + $2 Гурса + (Ay)L'L - (Дум? + с] 


- 5 [уем + yiL + you + (Ay)L'r + гс |» [ус + 1] -0 
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9. Discussion and Conclusions. 


The characteristic equations of tube phase shift oscillators have 
been developed first and formed in such a way that they fit the para- 
meter plane technique, for which a brief summary is given. 

Then the phase shift oscillator is studied using three sets of 
parameters i.e., C, versus R,, C, versus A and C, versus Ry, for which 
the Į - 0 curves for different gains and sensitivity curves have been 
calculated and plotted. 

The characteristic equations of Colpitt's, Hartley, tuned grid, 
tuned base and tuned plate oscillators have been derived using the gen- 
eral technique given by reference [?] based on two-port network proper- 
ties. 

Colpitt's oscillator is analyzed for parameters С, versus L and 
Сә versus L and the sensitivity curves have been drawn for different 
values of tube gains. 

The Hartley oscillator has been studied for parameter set C versus 
Li, C versus Lj and C versus A in the same fashion. The digital compu- 
ter gives complex values of parameters C, Ly for a certain area ('Dead 
Zone") and at first glance it seemed that the oscillator would not 
oscillate in the zone. This phenomenon is further investigated by 
simulation of the oscillator in this zone by analog and digital compu- 
ter, and it is found that it actually oscillates. Also, the apparent 
discontinuity in the C versus Ly curves is checked analytically, point 
by point and the curve is shown to be continuous. 

Also, the tuned plate and tuned grid oscillators have been studied 
for one set of parameters, C versus r and C versus t, respectively, 


for different gains. 
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In order that the different problems will be computerized, the сош- 
ponents of the circuit and the amplifier had been given different numer- 
ical values which may or may not occur in an actual circuit, but this 
has been done for the sake of simplicity. As a consequence, the para- 
meters and/or the frequency of oscillations may sometimes come out in 
values that usually do not occur in a real oscillator circuit, but it 
is beyond the scope of the present text, where we are interested in 
studying only the pattern of parameter variations. 

From the phase shift oscillator parameter plane curves C, versus 
A, we have found that the minimum gain A for oscillations to be sus- 
tained is A= 28 as has been proved analytically, so the validity of 
the technique is reaffirmed. 

Also, from the Hartley parameter plane curves C versus A, it is 
found that the minimum gain to sustain oscillations is A = 1 by proper 
selection of the other parameter C. 

For several cases we notice that one parameter remains constant, 
while CIE UGG» changes with the other. This result can be used 
to detect the variation of the other parameter which may represent a 
quantity to be measured, by just measuring the frequency variation. 

The parameter plane technique can be applied to circuits contain- 
ing not only passive elements but active elements also under the con- 
straint that the active element operates in a linear region. 

E rca wishes to express his gratitude and appreciation for the 
valuable assistance rendered in this work to Professor G. J. Thaler of 


the Naval Postgraduate School, Monterey, California. 
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